Abstract Chronic lymphocytic leukemia (CLL) is a heterogenous disease with an imbalance between apoptosis and cell proliferation. Therefore, the main goal in CLL therapy is to induce apoptosis and effectively support this process in transformed B lymphocytes. In the current study, we have compared differential scanning calorimetry (DSC) profiles of nuclei isolated from CLL cells and normal mononuclear cells exposed to cladribine or fludarabine combined with mafosfamide (CM; FM), and additionally to CM combined with monoclonal antibody-rituximab (RCM) for 48 h, as well as in culture medium only (controls). Under current study, the mononuclear cells from peripheral blood (PBMCs) of healthy individuals have been included. The obtained results have shown the presence of thermal transition at 95 ± 5°C in most of nuclear preparations (92.2 %) isolated from blood of CLL patients. This thermal characteristic parameter was changed after drug exposure, however, to a different extent. These thermal changes were accompanied by the decrease of cell viability, an elevation of apoptosis rate and the changes in expression/proteolysis of poly(ADP-ribose)polymerase-1-main marker of apoptosis. Importantly, in DSC profiles of nuclear preparations of PBMCs from blood of healthy donors exposed to investigated drug combinations and control CLL cells, the lack of such changes was observed. Our results confirmed that DSC technique complemented with other biological approaches could be helpful in tailoring therapy for CLL patients.
Introduction
The differences in disease development and alterations in chronic lymphocytic leukemia (CLL) cell signaling, as well as microenvironment could be a reason of ineffective chemotherapy [1] [2] [3] . Moreover, the coexistence of two populations of quiescentin peripheral blood and cycling cells in germinal centers of bone marrow bring the problem of successive treatment to be even more complicated [4] . Part of CLL patients display resistance for first line of therapy, and because of that, tailoring therapy before drugs administration could be a chance to choose an effective type of curing [5] . New therapies directed toward CLL indicating mainly the potential to induce apoptosis [6] . There are growing list of helpful markers that can be applied not only in the monitoring of disease and its progression, but also in prediction of the remission duration [7, 8] . Very recently, it has been published that microRNA-miR-155 could be associated with the progression of monoclonal B lymphocytosis in CLL. Of special importance is the fact that miR-155 overexpression in plasma could become a marker of patient's weak response to therapy [9] .
Differential scanning calorimetry (DSC) is simple and a relatively fast technique which has appeared to be useful in the research of various medical/biological areas. Interestingly, a typical curve of blood plasma has been established for healthy subjects, whereas for sick individuals, including cancer patients, it was reported to differ [10] [11] [12] . This thermal analysis has been applied for study of interactions between gembitabine and phospholipid bilayers [13] . DSC is able to monitor macromolecules denaturation and condensation status of nuclear components of intact nuclei [14, 15] . DSC technique precisely measures the heatinduced conformational transitions of biomolecules/cellular structures and allows the evaluation of the thermodynamic parameters in nuclear components such as constrained and relaxed DNA, protein-nucleic acid interactions, and scaffolding structures [16, 17] .
Our previously published results revealed the differences in DSC profiles between normal and leukemic nuclear preparations [18] . It was also reported that in DSC scans of nuclear fraction preparations isolated from mononuclear cells of peripheral blood (PBMCs) of healthy donors, a main transition at 83°C was observed. Interestingly, in advanced stage of CLL for majority of patients, the additional thermal transition at about 93°C was noticed [18] .
In the current study, we have compared curves of nuclear fraction preparations from normal and leukemic PBMCs after their exposure to three drug combinations currently administered in hematooncology, i.e., purine analogs (cladribine or fludarabine) combined with alkylating agent-mafosfamide (active in vitro form of cyclophosphamide; CM, FM), and CM combined with monoclonal antibody-rituximab (RCM) for 48 h. Up to now, DSC was applied to small groups of patients [18, 19, 21] . The interest in using DSC on cell nuclei/blood plasma in disease diagnostics is high, as this technique is non-invasive for sick individuals and has a potential to monitor the changes in the thermal profiles of examined samples.
Experimental

Material
Peripheral blood samples from 5 CLL patients were collected before administration with RCC (rituximab ? cladribine ? cyclophosphamide). For statistical analysis, data from 64 CLL patients enrolled in the trials since 2005 were included. Simultaneously, mononuclear PBMCs from blood of healthy donors and leukemic patients were exposed for 48 h to combinations: CM (cladribine ? mafosfamide), FM (fludarabine ? mafosfamide), and RCM (rituximab ? cladribine ? mafosfamide) at chosen doses as described previously [19, 20] . The study was approved by the Local Ethics Committee of the Medical University of Lodz (No. RNN/143/10/KE); patients signed a declaration of consent.
Cell viability and apoptotic cell determination
The cell viability and apoptotic rate of PBMC samples after drug exposure or in culture medium only for 48 h were assessed by flow cytometry using Vybrant Apoptosis Assay #4 (Molecular Probes, Inc., Eugene, OR). Evaluation of both parameters was performed on 10,000 cells/sample in each experiment.
Preparation of nuclear fraction
The pelleted normal and leukemic drug-treated PBMC samples were rinsed with cold PBS and then suspended in isotonic sucrose solution containing 5 mM MgCl 2 , 0.5 % Triton X-100, 50 mM Tris-HCl (pH 7.4), and protease inhibitors as previously described [19] . Cell samples were homogenized in a Potter homogenizer. The cell homogenates were centrifuged at 8009g for 8 min, resulting in the pellets, crude nuclear fraction preparations.
Preparation of cell lysates; protein electrophoresis and immunoblotting
Normal and leukemic PBMC samples were lysed in the buffer containing 10 mM Tris-HCl (pH 7.5), 300 mM NaCl, 1 %Triton X-100, 2 mM MgCl 2 , and 0.1 M ditiotreitiol and protease inhibitor cocktail. Protein samples (40 lg) were separated by sodium-dodecyl sulfate SDSpolyacrylamide gels (SDS-PAGE) and blotted onto Immobilon P membranes. Equal protein loading and protein transfer were confirmed by Ponceau S staining. To avoid non-specific protein binding sites, the membranes were saturated with 5 % non-fat dry milk in TBS (10 mM TrisHCl, pH 7.5, 150 mM NaCl) for at least 1 h at room temperature. After extensive washing in TBS containing 0.05 % Tween-20 (TBST), blots were incubated with specific primary antibodies at the appropriate final dilution. The immune complexes were detected using AP-coupled secondary antibodies after incubating with substrate solution according to the technique previously described [19] .
Differential scanning calorimetry (DSC)
Preparation of samples
Samples of the nuclear fraction isolated from normal and leukemic PBMCs were incubated for 48 h with or without (controls; Ctr) anticancer agents and prepared for calorimetric tests by the Almagor and Cole procedure [11] . Nuclear pellets were transferred into stainless steel sample pans (300 ll) and hermetically sealed. The dry mass content in nuclear fraction constitute about 3-6 % of whole nuclear pellet. In analyzed probes, the nuclear fraction consisted about 0.5 mg of DNA. Usually, nuclear samples were frozen and stored up to few weeks in -20°C. The storage of nuclear preparations at low temperature did not change the shape of its thermal profile in comparison with freshly prepared ones and still allow for a correct interpretation. DNA concentration in nuclear pellet was determined by the classical spectrophotometric method (UV) on the basis of the absorption band at 260 nm. For this purpose, Specord 40 spectrophotometer (Jena, Germany) was used. The scanning rate was 2 nm s -1 and the resolution 0.1 nm. The sample probes were measured in 1 cm cells in the range of 260-320 nm. Due to the complex composition and sometimes also the optical heterogeneity of the analyzed samples, the absorbance at 260 nm was corrected for absorbance baseline at 320 nm.
Measurements
Calorimetric experiments were performed on a Setaram TG-DSC 111 calorimeter (Caluire, France) from 293.15 to 403.15 K (20 to 130°C) at a scanning rate R of 5°C min -1 (0.083°C s -1 ) as reported previously [19, 22] . The temperature calibration of the calorimeter was performed using the melting points of several standard materials [23] such as gallium, indium, naphthalene, and tin. The temperature accuracy is estimated to be ±0.1 K. For calibration of heat flow signal, a sapphire standard was used. During the measurement, the cells were purged by dry nitrogen with a flow rate of 1.7 mL s -1 . Calorimetrical measurements were consisted of two successive experimental sequences of heating-cooling. During first heating scan, the denaturation process occurred, while the second one was considered as an individual for each experiment baseline. The difference in heat flow signal between first and second scan was a base for analysis of anticancer agent efficacy.
Statistical analysis
The statistical analysis of presence/absence of thermal transition at 95 ± 5°C between nuclear samples preparations from leukemic and healthy donor cells was performed by two-tailed Fisher exact test. 
Results and discussion
Exposure of CLL cells to anticancer drugs reflects their susceptibility to anticancer treatment
The aim of current study was to compare anticancer drug effects on normal and leukemic PBMC cells by the determination of cell viability, apoptosis rate, differential scanning calorimetry profiles, and expression of known apoptotic marker-PARP-1.
PBMCs samples isolated from the blood of CLL patients qualified for the first chemotherapy cycle were incubated in vitro with combinations of purine analog (cladribine or fludarabine) with the active form of cyclophosphamidemafosfamide (CM or FM) and RCM (rituximab ? cladribine ? mafosfamide) for 48 h. The exposure of CLL cell samples to the above three drug combinations reflects the differences in cell viability, as well as apoptosis rate (Fig. 1b) .
Interestingly, in PBMCs from blood of healthy donors exposed to above drug combinations, a slight decrease of cell viability, as well as marginal changes in apoptotic cell number and proteolytic cleavage of apoptosis markerpoly(ADP-ribose)polymerase-1 (PARP-1) were observed (Figs. 1a, 2a) . The obtained data suggest that the examined anticancer drugs direct their action mainly toward leukemic cells via apoptosis induction (Figs. 1b, 2b) . It has been previously published by our group that characteristic thermal transition at about 93°C in nuclear samples from CLL cells appeared in high percentage (74 %) of patients with advanced/aggressive stage of this hematological cancer [18] . Since 2005, as the continuation of thermal analysis of nuclear preparations isolated from PBMCs samples of 64 patients with advanced stage of CLL, the presence of above thermal transition at 95 ± 5°C was observed in 59 (92.2 %) nuclear samples. Moreover, in most examined nuclear samples, i.e., 40 of 64 (62.5 %), this transition represented main one in thermal profile. (see exemplary case, Fig. 3a, b) . It should be underscored that this thermal peak does not appear in 16 (100 %) nuclear samples isolated from PBMCs of healthy individuals. Among parameters describing thermal characteristics of leukemic versus normal nuclear samples, the transition 95 ± 5°C was found in CLL cells with a high statistical significance (p \ 0.0001).
Decrease/lack of thermal transition at 95 ± 5°C accompanies CLL cell apoptosis
The changes in DSC scans of CLL nuclear preparations exposed to the examined drug combinations correlated with viable cell number reduction, apoptosis rate, and the cleavage of PARP-1, reflecting the potential efficacy for FM, CM, and RCM. However, an addition of rituximab in vitro to leukemic cell cultures with CM, i.e., combination RCM, the option used often in the immunochemotherapy in hematological clinics (RCC) [25] , was not very spectacular (Figs. 1-3 ).
Thermal profiles of PBMC nuclear preparations from blood of healthy donors after exposure to drugs display strong similarity
The profound analysis of thermal profiles of nuclei from mononuclear cell samples from blood of healthy donors exposed to CM, FM, and RCM for 48 h, and control cells (incubated in culture medium only) revealed a strong similarity (see Fig. 3a) . Importantly, the combining data of DSC profiling with cell viability, apoptosis rate, and PARP-1 expression confirmed significant sensitivity of studied drug combinations toward CLL cells (Figs. 1b, 3b ), displaying only a marginal activity against PBMCs of healthy individuals.
Our results confirmed that DSC technique combined with other approaches could be helpful in the choice of anti-leukemic strategy of CLL patients' therapy to avoid ineffective drug application [22, 24] .
To sum up, our results and the data published by other scientists have identified specific disease-related calorimetric characteristics; however, the validation of this technique as a useful and well-applicable tool for disease diagnostics and monitoring requires further studies [10-12, 18, 19, 24, 26] .
